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INTRODUCTION
41
The increasing consumer's demand of fresh-like food products and the rejection of synthetic additives 42 are driving the scientific community to pursue natural alternatives that can enhance food preservation 43 while having a minimum effect on the organoleptic and nutritional attributes of the product. Moreover, 44 consumption patterns are changing toward a healthy diet owing to an evident relationship between 45 food and health. As a result, there is a global trend towards the intake of food products with health-46 Antimicrobial efficacy of EOs may be also influenced by the pH, fat content or water activity present 97 in the food matrix. Plant-derived antimicrobials may bind to lipids, proteins or carbohydrates in 98 foodstuffs, requiring higher concentrations than those used in in vitro studies to achieve the same 99 effect (Weiss, Loeffler, & Terjung, 2015) . 100
NUTRACEUTICALS
101
There are several nutraceuticals that can be incorporated into food formulations with the purpose of 102 providing well-being while reducing the incidence of diseases in humans. Table 1 immiscible liquids (e.g. oil and water) are combined so that one liquid (disperse phase) is incorporated 121 as droplets within a second liquid (continuous phase). These two phases are often joint by a process 122 known as homogenization, in which the use of energy is required for increasing the surface area of the 123 disperse phase and create droplets. As the total free energy of formation is always positive and the 124 interfacial tension between both phases is large, emulsions are thermodynamically unstable (Tadros, 125 Izquierdo, Esquena, & Solans, 2004 
affects the final droplet size achieved. The closer the viscosity ratio between the oil and aqueous phase 143 is to the unit, the more efficient the homogenization and the smaller the droplet size in nanoemulsions 144 (Qian & McClements, 2011) . The oil solubility also plays an important role in nanoemulsions 145 stability. Oils with considerable water-solubility give rise to Ostwald ripening destabilization 146 phenomenon, which consists in the formation of bigger droplets fueled by small ones driven by their 147 fast diffusion along the continuous phase of nanoemulsions (Wooster, Golding, & Sanguansri, 2008) . 148
Many essential oils have significant water-solubility and Ostwald ripening has been described as the 149 
MULTILAYER EMULSIONS
235
Multilayer emulsions can be defined as oil-in-water systems containing droplets with at least two 236 interfacial membranes composed by surfactants and biopolymers, which are created by the layer-by-237 layer assembly. Normally, an initial stable emulsion of nano-sized droplets is used to produce 238 multilayer emulsions, and then several interfacial membranes are created by the alternative deposition 239 of oppositely charged biopolymers; therefore, the multilayering process is driven mostly by 240 electrostatic interactions, although other non-electrostatic forces may also play a role (Zeeb, Normally, most food-grade biopolymers behave as weak polyelectrolytes, which means that their 269 charge density is strongly affected by the pH of the system. Either if they are adsorbed to droplets 270 interface acting as surfactants or forming electrostatic complexes with another pre-adsorbed layer, theM A N U S C R I P T
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protonation or deprotonation of the functional groups that provides that charge (Fioramonti, Martinez, 273
Pilosof, Rubiolo, & Santiago, 2015). Therefore, stronger or weaker interactions between oppositely 274 charged species on the droplet surface would determine: i) the ability of forming electrostatic 275 complexes or not, and ii): the characteristics of such multilayered membranes, such as the thickness, 276 degree of porosity or electrical charge. 277
To produce multilayer emulsions, an oil-in-water "primary" emulsion is prepared, normally, by high-278 energy methods using an ionic surfactants or surface-active biopolymers with an electrical charge 279 (Zeeb et al., 2014) . In a further step, an oppositely charged biopolymer is incorporated into primary 280 emulsions allowing their adsorption to the droplet interface, thus forming a new "secondary" and there is no loss of polyelectrolytes because only the required amount is used. However, the correct 288 balance of the components in the system is crucial to avoid bridging flocculation or depletion 289 flocculation. Finding the polyelectrolyte concentration where a saturated layer is formed, either by 290 empirical methods (monitoring the ζ-potential until stabilization) or by theoretical calculations, is a 291 key factor to fabricate stable multilayer emulsions. 292
Advantages as delivery systems 293
These systems allow encapsulating both lipophilic and hydrophilic active compounds, locating them 294 either in the lipid phase or in the interfacial coating. The high physical stability of multilayer 295 emulsions under different environmental stresses is a major advantage when they are intended to be 296 incorporated to food matrices. It is desirable that a delivery system maintains the functional properties 297 of the encapsulated active compounds in presence of other food components. It has been described that 
Food applications 322
The practical application of multilayer emulsions in food products is still scarce. However, there is an 323 approach that suggests the use of multilayer emulsions containing bioactive lipids as a strategy toM A N U S C R I P T spin-coaters has also been confirmed but it has not been used in the food field. Such methods present 381 the advantages of using a small amount of material to coat a surface and the velocity of the adsorption 382 process, which can occur more rapidly in comparison to the dipping approach (Aoki et al., 2014) . 383
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Advantages as delivery systems 384
One of the most promising advantages of nanolaminates is their ability of entrap a payload of active 385 compounds within the film structure and then release it in response to external stimulus such as pH, properties. Nanolaminates can be designed to control the release of encapsulated substances under 392 specific triggers, enhancing their targeted delivery. As far as we are concerned, this topic has been 393 scarcely investigated. Therefore, there is a lack of information that opens the possibility to a future 394 research trend, so that the potential advantages of nanolaminates for active ingredients delivery can be 395 explored in a greater extent, being a promising alternative to improve safety, quality and functionality 396 of foodstuffs. The versatility of the layer-by-layer assembly could allow the design of countless types 397 of food-grade nanolaminates with tuned physicochemical and functional properties, either by 398 modulating the layer composition or assembly parameters, which would have a positive impact in foodM A N U S C R I P T
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Food applications 401
The application of nanolaminates in foods is in the early stage. Nanolaminates have been formed on 402 food surfaces or conventional packaging materials. A schematic representation of the procedure to 403 create nanolaminate structures onto solid foods is shown in Fig. 3 . The formation and characterization 404 of nanolaminates on planar materials is a crucial preliminary step to their application as edible 405
coatings. This is considered as an 'in vitro' study that allows confirming the actual formation and 406
properties of nanolaminates. The typical microstructure of a nanolaminate formed onto a polyethylene 407 terephthalate sheet is presented in Fig. 4 
TOXICOLOGICAL ASPECTS
429
Nowadays, the number of nanotech patents and nano-products being released to the food market is 430 increasing, but there is also a great concern about the potential toxicological effects related to their 431 intake through foodstuffs. It is noteworthy that the potential advantages of nanostructured delivery 432 systems arising from the manipulation of materials in the nanometric scale (e.g. greater reactivity, 433 higher bioavailability, enhanced cellular transport) may also have an important impact on their toxicity 434 in the human body. For example, some nutraceuticals are toxic at high concentrations and their intake 435 is recommended at certain doses. Nutraceuticals encapsulated within nanostructured delivery systems 436 may cause toxicity due to their greater bioavailability, thereby, increasing the bioactive concentration 437 in the target site. Essential (EOs) oils may also have some toxic effects associated to their potential 438 ability to interact with the human cellular membranes in the same way that EOs acts on microbial 439 membranes. Therefore, if EOs are encapsulated in nanostructured systems their increased reactivity 440 may represent a latent issue in terms of safety. Moreover, some nanoparticulates may not be digested 441 in the GIT, being able to pass across the epithelium cells and increasing the exposure to biological 442 tissues, which could lead to unpredictable interactions or bioaccumulation in some organs. However, if 443 nanomaterials are transformed into bigger structures in the food matrix before ingestion or they are 444 completely degraded and solubilized in the GIT, then the toxicity risk may be insignificant. Therefore, 445 the evaluation of toxicological profiles and potential risks associated with the use of nanomaterials in 446 foods is required. The toxicity of nanomaterials strongly depends on their physicochemical properties 447 including chemical composition, size, shape, solubility, surface charge, surface reactivity, among 448 others, as well as their behavior within the GIT and final fate in the human body after adsorption. In 449 this regard, risk assessment must be done considering such characteristics and following an approachM A N U S C R I P T
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CONCLUDING REMARKS
452
There is an evident interest in the design and production of food-grade nanostructures able to 453 encapsulate, protect and enhance functionality of some types of active ingredients. Plant-derived 454 antimicrobials and nutraceuticals are potential natural additives that can be incorporated within 455 foodstuffs, representing a promising strategy to satisfy the current consumer's claims. The proper 456 formation of nanostructured delivery systems have to be carefully controlled in order to reach stable 457
systems. There are a number of factors that intervene differently in each type of delivery system. In 458 the case of nanostructured emulsions, the surfactant type, surfactant concentration, viscosity of the 459 aqueous media, the biopolymer concentration, pH, ionic strength are among the most important factors 460 affecting the formation and stability of droplets. The assembly of nanolaminates is highly influenced 461 by the conditions of biopolymer solutions (e.g. pH, ionic strength), but also by different experimental 462 parameters (e.g. adsorption and washing times, number of layers, terminal layer, drying procedure). 
Highlights
• There is a trend in using plant-based antimicrobials and nutraceuticals for improving food properties, but their intrinsic characteristics and high instability are limiting factors.
• Nanostructured emulsions and nanolaminates are able to encapsulate, protect and enhance the delivery of such substances.
• The properties of nanostructured delivery systems can be controlled, manipulating the experimental parameters during their formation.
• Recent studies indicates potential applications in beverages, solid foods or edible films and coatings.
• The potential toxicity of nanostructured systems represent a major concern that require deeper research.
